Nonrebreathing valves have become widely used in conjunction with self-inflating bags and portable ventilators. The ease of use of these devices compared with Mapleson systems and more complex ventilators has led to their use by a wide range of medical, nursing and paramedical staff. There may be an erroneous tendency to regard these systems as foolproof. Four different critical events arising from IPPV with three different models of nonrebreathing valves are described.
Casel
A 67-year-old male who had remained unconscious since a cerebrovascular accident two weeks before, was discovered in cardiorespiratory arrest. Cardiopulmonary resuscitation was commenced. Ventilation was with an Ambu Mk I resuscitation bag with Ruben nonrebreathing valve, initially by mask, then endotracheal tube. His pupils remained fixed and dilated despite CPR. ECG showed slow idioventricular rhythm refractory to adrenaline. At this point, additional staff arrived and reassessment revealed inadequate ventilation. Investigations disclosed that the Ambu resuscitator was misassembled. The bag was attached to the patient connection and vice versa. Each delivered breath thereby passed out the expiratory port (Figure I). The system was immediately reassembled correctly, but the patient's heart rhythm and pupils remained unchanged and resuscitation was later discontinued.
Subsequent investigation suggested that the resuscitator had been dropped in the confusion of the initial response and wrongly reassembled.
Case 2
A 16-year-old male, involved in a cycle accident, was admitted with a left parietal skull fracture, a Glasgow Coma Score of six, and fixed, dilated left pupil. Initial management included ventilation with a Drager Oxylog ventilator and nonrebreathing valve (12 breaths/minute, 12 litres minute volume). A retrieval team was requested to transfer the patient to a neurosurgical facility. Hyperventilation was continued in the interim. Assessment by the retrieval team revealed decreased chest movement and then a leak from the nonrebreathing valve with reduced expired tidal volumes. Surprise was expressed as it was stated that spirometry five minutes previously had shown the expected expired tidal volume. The patient was hand-ventilated while the offending valve was investigated. The outer part of the diaphragm was mal positioned between the two halves of the housing, allowing much of the tidal volume to pass straight into the expiratory port ( Figures 2 and 3) . Correct re assembly of the valve cured the problem. The retrieval was completed uneventfully and the patient made a partial recovery from a diffuse head injury.
Case 3
A previously well 68-year-old female collapsed and was admitted to her local hospital emergency department with a Glasgow Coma Score of 6 and right-sided hypotonia. Treatment included intubation,. paralysis, and ventilation with an Oxylog ventilator and nonrebreathing valve. A retrieval team was asked to transfer this patient to a neurosurgical facility. When the retrieval team arrived, their assessment revealed very high inspiratory resistance and considerable expiration into the inspiratory hose with consequent rebreathing (Figure 3 compared to normal assembly in Figure 2 ), This was confirmed by the blood gas results, showing adequate oxygenation but a PC02 of 104 mmHg and pH of 7.13. The patient was hyperventilated by hand and then transferred to the transport ventilator (Oxylog, with a Laerdal nonrebreathing valve), The retrieval was completed without further incident and the patient subsequently made an incomplete recovery from a large subarachnoid haemorrhage.
Case 4
A 74-year-old female sustained multiple trauma including a flail chest and left haemopneumothorax. Admitted to a district hospital leU, she was intubated and ventilated and a chest drain inserted. Chest X-ray was suggestive of a widened mediastinum. A retrieval team was requested to transfer her to a cardiothoracic facility. For transport, a Drager Oxylog ventilator with a Laerdal nonrebreathing valve was used. This was set at 12 breaths/minute, 8 litres minute volume, FI02 0.6,5 cm PEEP. Peak airway pressure was 23 cm H 2 0. During the transfer, the pulse oximeter alarmed showing 79% Sao2 (down from 97%). Chest movement was noted to be diminished, and peak airway pressure only 7 cm H20. The patient was immediately placed on a Laerdal bag (using the same valve) and hyperventilated with good chest movement and rapid increase in Sao2. Checking the ventilator revealed no problem, so it was reconnected and the situation watched closely. The initial few breaths were normal and then the problem recurred. It was noted at this point that gas was escaping via the PEEP valve during inspiration. The patient was again hand-bagged and when lower tidal volumes were used, the problem could be reproduced. The offending valve was replaced and the retrieval concluded without further problems. Angiography was normal and the patient eventually made a full recovery. . With movement of the lipmembrane off its seat, but not far enough to occlude the expiratory port, much of the delivered breath passes into the expiratory port, bypassing the patient. Minute volume measured at the expiratory port is normal.
Subsequent investigation revealed that the problem lay in the inspiratory diaphragm, also called the lipmembrane or duckbill valve. 1 ,2 This was not moving fully into the inspiratory position at lower inspiratory flow rates, much of the tidal volume thereby bypassing the patient (Figures 5  and 6 ). The same lipmembrane in a different housing reproduced the problem. This lipmembrane was sent to Laerdal Medical for investigation.
DISCUSSION
The four cases described demonstrate that problems can arise when nonrebreathing valves are employed for positive pressure ventilation, either with a self-inflating bag or mechanical ventilator. In three of these cases the problem was not detected by the staff in charge of the patient at the time.
All cases demonstrate the value of checking equipment and never taking ventilation for granted. Similarly, it is vital to assess chest movement and inflation pressures both initially and on an ongoing basis. Cases 2 and 4 represent situations where a disconnect alarm would have detected the critical situation earlier. Partly as a result of these cases, a disconnect alarm optimised for the transport role has been developed. It is being acquired by a number of retrieval services. Case 2 demonstrates that expiratory spirometry may not detect nonrebreathing valve failure unless the dynamics of the system are understood. Minute volume measured by spirometry would have been normal in Case 2 and 4, as would 'tidal volume' measured over the entire breath cycle, the full desired volume being delivered by the ventilator, but much of it bypassing the patient and being measured at the expiratory port during the inspiratory phase. Only when the tidal volume is measured during the expiratory phase alone will the measurement reflect volume actually delivered to the patient.
Capnography with appropriate alarm limits would have detected all four of these mishaps: however, its routine use in cases as described is likely to remain limited.
Case 4 demonstrates the inherent potential for most nonrebreathing valves to adopt an intermediate position with leakage of gas. The ideal nonrebreathng valve should be bi-stable; i.e. the moving elements should be able to equilibrate only in the inspiratory or expiratory configuration. It is obviously difficult to produce a mechanism that is strongly bi-stable and yet has a low resistance to flow. The problem of sluggish valve movement has been identified in some nonrebreathiIig valves in the past,3,4 but has not received much attention in reviews of nonrebreathing bags 2 ,5-9 and portable ventilators. 2 ,9 To the best of our knowledge, failure of this type has not been previously reported with the Laerdal valve. This valve generally performs very well with IPPV. Its performance has been assessed as superior to another nonrebreathing valve (Ambu-E) in one report. 4 A report from Laerdal Medical considered that overtightening of the valve housing may have contributed to the problem by placing tension on the lipmembrane. The valve housing is being redesigned to eliminate this possibility (Laerdal Medical, personal communication, 1989 ).
The problem is less likely to occur when a nonrebreathing valve is used with a self-inflating bag as the tendency is to give a rapid initial squeeze, tapering off as the chest compliance is felt via the bag. However, Case 1 demonstrates that personnel without anaesthetic experience may lack the experience to detect failure to inflate, either by feel or visually. Failure ofbi-stability in nonrebreathing valves is most likely to occur with low inspiratory flow rates such as in paediatric or small adult patients, or with conditions that dictate cautious ventilation.
The following guidelines with regard to nonrebreathing valve systems are suggested. 1. All patients who are ventilated with portable ventilators or self-inflating bags should be supervised by medical staff with appropriate training and experience. 2. Nonrebreathing valves should be checked on a regular basis and before each use. 3. Initiation of ventilation should be immediately followed by assessment of chest movement, inflation pressures and compliance and blood gases. Any findings not in keeping with the patient's condition should be investigated thoroughly. Wherever possible, blood gases should be checked, ideally ten minutes after ventilation is commenced. 4. Ongoing monitoring should include the following: a disconnect alarm, preferably with adjustable high and low pressure limits, pulse oximetry and frequent clinical assessment. Capnography, if available, would be an asset. 5. The possibility of equipment failure should be borne in mind. Personnel involved should be familiar with equipment and drills for this contingency. These suggestions are similar to and consistent with recent minimal monitoring standards suggested for anaesthesia,lo given that the situations in which nonrebreathing valves are employed tend to meet criteria for escalation of monitoring requirements, such as controlled ventilation, compromised patients and suboptimal environmental conditions. Further studies are planned to investigate the performance of available nonrebreathing valves with IPPV.
